S everal excellent quality control (QC)/ quality assurance (QA) systems have been presented in variousconferences (Baskin, 1988; Delouche, 1986; Sayers, 1987) . Sayers (1987) identified four general areas involving seed quality that must be considered in an effective QC program.
1. Physiological quality ž germination ž vigor 2. Physical quality ž purity ž physical condition (mechanical damage, size, etc.) ž general appearance ž moisture content ž freedom from insects ž plantability 3. Genetic quality ž varietal purity 4. Pathological quality ž freedom from seed-borne disease
The rules for testing seed have been defined by the Federal Seed Act, and quality standards have been set by individual companies. However, the demand of customers for high-quality seed has been increasing rapidly to the highest achievable quality in any of the above-mentioned four areas.
Some of the factors affecting these four areas are:
A QA program cannot be effectively implemented unless, in addition to complete management commitment to quality, every segment of the company understands the importance of the program and is committed to quality in its own department.
1. Parent seed selection 2. Area and field selection 3. Seedling establishment ž seedbed preparation ž moisture and temperature ž soil crusting
The rest of this paper introduces some of the factors influencing the effectiveness of a QA program, as described in BBP Handbook of Quality Management (Karlin et al., 1987) . Since the book was written by people involved in largecompanies such as telephone, electronic, and other industries, I have made some modifications to adapt it to the seed industry. A continuous, profitable supply of products at the level of seed quality that customers demand can only be achieved by a careful implementation of a QC/QA system in all the areas mentioned above.
To quality management → Opportunity to contribute To top management → Investment and a good return To company → Reputation and profitability Knittle (1989) defined seed quality as "the degree of genetic potential expressed and customer satisfaction achieved in seed products." Seed quality assurance was also defined as "an integrated system of seed business functions, each of which seeks to maximize the genetic potential and customer satisfaction in seed products."
Departments involved in a QA system are: plant breeding, parent seed, production research, engineering, seed production, quality testing, storageand distribution, and customeragronomic service.
Who Is Responsible for Quality ?
Marketing is responsible for the quality of the marketing specifications. Research and development is responsible for the development of superior varieties. Production and processing is responsible for delivery of high-quality seed. All support groups are responsible for the quality of their support products or services.
Several other related QA or QC papers have been published by Mississippi State Univ. (Delouche, 1986; Hagar, 1982) and other publications of various organizations (Gill, 1989; Shultz, 1987) .
Responsibilities of a Quality Assurance Program
Seeds are biological materials, and production of high-quality seed is highly dependent on Mother Nature. Therefore, obtaining seed with maximum genetic potential may not always be possible, considering the economy of the seed business and barriers involved in production. A more realistic definition for seed quality could be described as "a specific product for a specific market that can bring customer satisfaction, hold the market place for the company, and ensure reasonable return."
A) To protect against the shipping of products that will cause customer problems. This is accomplished by proper sampling of the endproduct for various tests to confirm to the required levels of physiological, physical, genetic and pathological qualities.
B) To aid the improvement of performance in all functional areas. This is accomplished by analyzing product evaluation results to identify opportunities for corrective action leading to the elimination of problems.
C) To influence the way the company thinks about quality and the manner in which various departments work together.
D) To analyze company performance by us-ing statistical procedures for measuring warranty costs, field problems, and customer complaints, product and processing costs, and improvements in the marketplace. Questions that must be asked in such an analysis include: 1) Are sales being gained or lost due to quality? 2) Do our customers have to be "sold" on our products or do the products speak for themselves? Accountability analysis is examined by asking: 1) Are problems routinely identified and corrected in all areas in a formal manner? 2) Are there organizational understandings? Who is held responsible for failure to supply and inferior quality'? Because of the increasing complexity of the seed business, more intense regulation, and much greater liability, the necessity for an effective QA program is obvious. Unfortunately the role of QC/ QA programs, which are designed to ensure a continuous supply of high-quality product and to prevent delivery of inferior quality to customers, is frequently misunderstood and misperceived as policing. The role of the QC/QA can be viewed as: 1) a measurer of performance 2) an identifier of problems; and 3) a facilitator of quality improvements. Supportive participation by quality organizations in producing, processing, and identifying quality seed suitable for a specified market, and enhancement of product performance can improve the performance of the other departments, and will ensure a successful future for the company in a highly competitive market. 4 Professor. characteristic delayed the onset of imbibition when the initial moisture level was low (8%). Coating seeds with polymeric films to complement the permeable testa retarded the imbibition rates. Both approaches alleviated chilling injury and improved seedling establishment under stressful conditions. Seed priming is a technique for elevation of seed moisture content before sowing. Primed seeds generally emerge more quickly than nonprimed seeds, especially under stressful environmental conditions. An additional merit of this technique is that it gives access to seeds with elevated moisture content. Various approaches may be employed to condition seeds after priming, but before redesiccation. Discarding the low-density fractions of primed tomato and lettuce seeds improved the percentage of germination compared with nonprimed seeds. Physiological mechanisms are presented to explain the association of density with seed viability in lettuce (Lactuca sativa L.). S owing seeds, their subsequent germination, seedling emergence, and then establishment are primary events in crop production. Obtaining a uniform, vigorous plant stand is necessary for maximum yield potential and harvest efficiency. Stand establishment of a crop is influenced by the interaction of seed quality, seed-soil water relations, and growing-media environment.
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Variousenvironmental stressesencountered after sowing may decrease or even prevent seedling establishment. For example, low temperatures combined with excess soil moisture may decrease the germination and subsequent establishment of large-seeded legumes. The influence of these detrimental environmental conditions on stand establishment becomes even more pronounced when the seeds are of suboptimal quality. Seed quality is a broad term that encompasses such aspects as the germination and vigor of a particular seed lot. Seed lots seldom have 100% germination, and therefore seedling emergence is limited first by the percent viability. Seed conditioning may be used to upgrade seed quality before sowing by eliminating nonviable or poor-quality seeds. Other limitations can be reduced by seed treatments and coatings for precision seed placement.
Water is essential for all life processes, and water status or seed moisture content plays a major role in the agronomic life cycle of seeds. Seed moisture is important during seed development and maturation while seeds are on the mother plant, harvesting, conditioning (Copeland and McDonald, 1985) and storage (Justice and Bass,
